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The importance of lung function, non-malignant
diseases associated with asbestos, and symptoms as
predictors of ischaemic heart disease in shipyard
workers exposed to asbestos

Ake Sanden, Bengt Jarvholm, Sven Larsson

Abstract
The mortality from ischaemic heart disease
was studied in a prospective cohort of 1725
shipyard workers exposed to asbestos. The
analyses were stratified for age and smoking
habits and restricted to men. In agreement
with other findings, men with impaired lung
function had a significantly higher risk (rela-
tive risk (RR) = 3.5) of dying from ischaemic
heart disease than men with normal lung
function. Men with asbestosis or suspected
asbestosis had a significantly higher risk
(RR = 3.1) of dying from ischaemic heart
disease than men without asbestosis. Thus
asbestosis or suspected asbestosis also seemed
to be a risk factor for ischaemic heart disease.
This finding was independent of respiratory
function. There was no increased risk for
ischaemic heart disease in men with com-
pared with men without pleural plaques. Men
with production of phlegm or sputum and
wheezing or whistling had no increased risk
for ischaemic heart disease compared with
men without these symptoms. In the group
with normal lung function men with dyspnoea
had a significantly higher risk of dying from
ischaemic heart disease than men without
dyspnoea. The findings for men with asbesto-
sis or suspected asbestosis indicated a further
risk factor besides impaired lung function, in
persons exposed to asbestos. Perhaps this risk
factor is due to lesions ofthe pericardium with
consequences for heart function.
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Several studies have shown that impaired lung
function is a predictor of increased mortality from
ischaemic heart disease.1-5 In these studies lung
function was measured by forced expiratory volume
in one second (FEV1),5 forced vital capacity
(FVC),1 3 and peak expiratory flow.4 Multivariate
analysisl 3 showed that impaired lung function
remained a strong predictor of increased mortality
from cardiovascular disease even when other major
cardiovascular risk factors were taken into account.
The explanation for the association between
impaired lung function and morbidity or mortality
from ischaemic heart disease is speculative and a
number of mechanisms have been proposed.l4 One
possibility is that impaired lung function might
reflect impaired cardiac function. Another is that
smoking may lead to both lung impairment and
increased incidence of ischaemic heart disease. A
third is that hypoxic effects promote myocardial
ischaemia.

Exposure to asbestos may impair lung function
and asbestos related diseases such as asbestosis6 7
and pleural diseases89 are associated with impaired
lung function. These facts, together with the
knowledge that impaired lung function predicts a
risk of mortality from ischaemic heart disease made
it interesting to investigate this risk in a group of
shipyard workers exposed to asbestos who had a
high prevalence of asbestosis and pleural plaques.
Previous studies of workers exposed to asbestos
have not indicated an increased risk of ischaemic
heart disease,0'-5 but these studies have compared
mortality in workers with that in the general popu-
lation, which could lead to a bias through the so
called healthy worker effect. In our study, there-
fore, we compared the mortality from ischaemic
heart disease in workers exposed to asbestos with
and without impaired lung function, asbestos relat-
ed diseases, and respiratory symptoms. The objec-
tive was to determine if the earlier mentioned
association between ischaemic heart disease and
lung function also occurred among persons exposed
to a dust known to impair lung function and if the
mentioned diseases or symptoms predicted an
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Table 1 Age, smoking habits, and mortality from ischaemic
heart disease

Year of birth

1910-9 1920-9

Total IHD Total IHD
Smoking habits No (%) No (%) No (%) No (%)

Non-smokers 109 (17) 3 (3) 217 (20) 3 (1)
Ex-smokers 275 (43) 16 (6) 379 (35) 17 (4)
Smokers 243 (38) 21 (9) 480 (44) 20 (4)

*Men who died from ischaemic heart disease (IHD) (% of each
group)

increased risk of mortality from ischaemic heart
disease.

Subjects
A total of 3899 shipyard workers, earlier exposed to
asbestos, participated in a health monitoring pro-
gramme between 1977 and 1979. Exposure to
asbestos stopped at the shipyards in 1972. After
that time only a few men who pulled down asbestos
in ships at a repair yard were exposed. Participation
in the programme was free and voluntary. Strong
support from the union to have all their members
who were exposed to asbestos examined con-
tributed to a participation estimated to be more
than 90% of workers earlier exposed to asbestos.
As death due to ischaemic heart disease is rare in

young persons, this study was restricted to all men
born between 1910 and 1929 (n = 1725) (table 1).
Women were excluded as there were few (n = 6).

Methods
This was a prospective cohort study in which the
mortality from ischaemic heart disease
(International Classification of Diseases-8 (ICD-8)
410-414) was compared in men with impaired lung
function and men with normal lung function. The
mortality from ischaemic heart disease was also
compared in men with and without asbestosis or
suspected asbestosis, in men with and without
pleural plaques, and in men with and without some
symptoms. The determinants were diagnosed at a
health check up between 1977 and 1979.
The observation period for each man was the

time between the health check up and 31
December 1988 or the point of death or emigration
if this occurred before the end point. Three men
emigrated, which was the only loss during the fol-
low up period.
The cases of ischaemic heart disease were found

by linking the national identity number of each
man with the Swedish Death Register. The under-
lying cause of death was used. The relative risk was
estimated as the incidence ratio of mortality from

ischaemic heart disease in men with the present
determinants to men without these determinants.
The health monitoring programme included a

self administered questionnaire containing ques-
tions about smoking habits, exposure to asbestos,
and some symptoms. The questions about symp-
toms were: (1) Do you usually cough up anything
from your chest (phlegm or sputum) in the morn-
ing in winter? (2) Do you cough up anything from
your chest during the day or night in winter? (3)
Do you cough up anything from your chest for
three months of the year? (4) Does your chest
wheeze or whistle most days or nights? (5) Does
your chest wheeze or whistle when you have a cold?
(6) Does your chest wheeze or whistle even when
you do not have a cold? (7) Are you troubled by
shortness of breath when hurrying on level ground
or walking up a slight hill? (8) Are you more trou-
bled by shortness of breath than other people of
your age when walking together on level ground?
(9) Do you ever have to stop for breath when walk-
ing at your own pace on level ground?

Each man had a spirometric examination. The
spirometry was carried out by trained nurses, with a
calibrated dry bell spirometer (vitalograph). Three
acceptable recordings were made and the highest
values were used. The FEV, and FVC were
expressed as % of the predicted value with refer-
ence values established by Berglund et al.16
Impaired lung function was defined as FEV, or
FVC less than 80% of the predicted value. Normal
lung function was here defined as both FEV, and
FVC 90% of the predicted value or higher.

Each man also had a chest x ray film taken (pos-
teroanterior and lateral views). The chest films
were read by trained physicians at a Department of
Pulmonary Medicine. Pleural plaques were classi-
fied according to Thiringer et al.'7 Briefly, the defi-
nition requires circumscribed lesions at least 5 mm
thick, if not calcified, and on the diaphragm at least
3 mm thick, if not calcified. Men in whom x ray
films or lung function tests indicated asbestosis
were investigated at the lung clinic. Patients were
considered to have asbestosis or suspected asbesto-
sis if the chest radiographs were compatible with
basal lung fibrosis and lung function indicated lung
fibrosis or a lung biopsy showed asbestosis.
The subjects were stratified age classes (10 years)

and smoking habits. The Mantel-Haenszel
method,'8 as modified by Rothman and Boice,'9
was used in the stratified analyses. The 95% confi-
dence interval (95% CI) was calculated according
to a method proposed by Miettinen.20

Results
The only loss during the follow up was due to emi-
gration (n = 3). These men were included in the
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Table 2 Lungfunction and ischaemic heart disease mortlity

FEV, FVC

% Ofpredicted value No* IHDt No* IHDt
Less than80% 187 20 290 30
80% to 89% 198 17 328 16
90% or higher 1254 41 1015 32
Unknownt 86 2 92 2
Total 1725 80 1725 80

*Total number of persons at the health check up.
tNumber of deaths from ischaemic heart disease (IHD) during
the follow up.
*Unknown because of incomplete information.

study until the moment of emigration. Two hun-
dred and tiirty three men died during the follow up
period. There were 80 deaths from ischaemic heart
disease, among whom 7'5% were non-smokers,
41 3% were ex-smokers, and 51 2% were current
smokers (table 1).
At the health check up, the prevalence of pleural

plaques was 0'41 and of asbestosis or suspected
asbestosis 0-03. There were eight deaths from
ischaemic heart disease in men with asbestosis or
suspected asbestosis and 39 deaths from ischaemic
heart disease in men with pleural plaques during
the follow up period.
An FEV1 less than 80% of the predicted value

was found in 187 men and FVC was less than 80%
of the predicted value in 290 men (table 2).

IMPAIRED LUNG FUNCTION AND DEATH FROM
ISCHAEMIC HEART DISEASE
Men with impaired lung function had a significant-
ly higher risk of dying from ischaemic heart disease
than men with normal lung function (table 3). The
relative risk (RR) was 3 5 (95% CI 2 2-5 7). A sim-
ilar analysis of mortality from all causes excluding
death from ischaemic heart disease showed an RR
of 1'5 (95% CI 1'0-2'1). All men in the two lung
function strata in this study who died of ischaemic
heart disease during the followup period had esti-
mated their exposure to asbestos as low or very low

Table 3 Mortality from ischaemic heart disease (per 1000
person-years) in men with impaired and normal lungfuncton

Mortalty (x 10')
Smoking habits at Year of Impaired Normal
health check up birth lungfunction lungfunctont
Non-smokers: 1910-9 7-3 (1) 2-8 (2)

1920-9 9-7 (2) 1-0 (1)
Ex-smokers: 1910-9 7-5 (5) 3-9 (5)

1920-9 5-1 (3) 5-3 (13)
Current smokers: 1910-9 20-5 (13) 2-9 (3)

1920-9 14-1 (12) 22 (6)

*FEV, or FVC less than 80% of predicted value.
tFEV1 and FVC of 90% of predicted value or higher.
Number of cases in parentheses.

Table 4 Moralityfrom ischaemic heart disease (per 1000
person-years) in men with and without asbestosis or suspected
asbestosis

Mortaity (x 10')

With asbestosis Without asbestosis
Smoking habits at Year of or suspected or suspected
health check up birth asbestosis asbestosis

Non-smokers 1910-9 0 2-8 (3)
1920-9 0 1-4 (3)

Ex-smokers 1910-9 11-0 (1) 5-8 (15)
1920-9 7-7 (1) 4-3 (16)

Current smokers 1910-9 39-8 (6) 7-2 (15)
1920-9 0 4-3 (20)

Number of cases in parentheses.

at the health check up. An analysis of the risk of
dying from ischaemic heart disease in men with
FEV1 or FVC between 60 and 79% of the predict-
ed value compared with men with normal lung
function showed an RR of 3-6 (95% CI 2'2-5-8).

There were only five deaths from non-malignant
respiratory diseases (ICD-8 490-493). Three of
these were men who were ex-smokers with
impaired lung function at the health check up. Two
were current smokers with normal lung function.

ASBESTOSIS AND DEATH FROM ISCHAEMIC HEART
DISEASE
The RR of mortality from ischaemic heart disease
in men with asbestosis or suspected asbestosis was
3'1 (95% CI 1-5-6'4) compared with men without
asbestosis (table 4) after stratification for age and
smoking habits. Thus asbestosis or suspected
asbestosis seemed to be a risk factor for mortality
from ischaemic heart disease. This was apparently
independent of respiratory function because a simi-
lar analysis restricted to men with FEV, or FVC
less than 80% of the predicted value showed an RR
of 3-1 (95% CI 1'0-9'1).

Seven of the eight cases who died from ischaemic
heart disease in men with asbestosis or suspected
asbestosis were ex-smokers or current smokers in
the older group. An analysis restricted to this
group, that is, ex-smokers and current smokers
bom between 1910 and 1919, showed an RR of
mortality from ischaemic heart disease in men with
asbestosis or suspected asbestosis of 4'3 (95% CI
2'0-9'3) compared with men without asbestosis
(table 4) stratifying for smoking habits. A similar
analysis but restricted to men with FEVI or FVC
less than 80% of the predicted value showed an RR
of 3-5 (95% CI 1-3-9-3).

PLEURAL PLAQUES AND DEATH FROM ISCHAEMIC
HEART DISEASE
The RR of mortality from ischaemic heart disease
in men with pleural plaques compared with men
without pleural plaques was 1-3 (95% CI 0'8-2'0)
after stratification for age and smoking habits. In a
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Table S Relative risk of mortality from ischaemic heart
disease in men with compared with men without symptoms

RR

Men with impaired Men with nonnal
Symptoms lungfunctio4 lungfunctionS
(no of questions) * RRt (95% CI) RRt (95% CI)

Phlegm or sputum 0-76 (0 51-1 1) 0-92 (0 42-2 0)
(1,2, or 3)

Wheezing or whistling 1-3 (0-52-3-1) 1-3 (0-53-3-1)
(4,5, or 6)

Dyspnoea, slight (7) 1-2 (0 59-2 4) 3 0 (1-4-6-2)
Dyspnoea, moderate (8) 1-0 (0 40-2 7) 4-1 (1-4-12-2)
Dyspnoea, serious (9) 1 9 (0-72-5 0) 11-4 (5 2-25 3)

*For details of the questions see text (methods).
tIncidence density ratio adjusted for year of birth and smoking
habits (Mantel-Haenszel estimate).
jMen with FEVI or FVC less than 80% of predicted value.
§Men with FEV1 and FVC 90% of predicted value or higher.

similar analysis restricted to men with impaired
lung function the RR was 0-94 (95% CI 08-1-2).

RESPIRATORY SYMPTOMS AND DEATH FROM
ISCHAEMIC HEART DISEASE
Analyses of the RR for men with symptoms com-
pared with men without symptoms showed no
increased risk in men with production of phlegm or
sputum and wheezing or whistling. Among men
with dyspnoea, there was no increased risk in those
with impaired lung function but an increased risk
was found in those with normal lung function
(table 5).

Discussion
This study confirmed the findings that impaired
lung function predicts an increased risk of mortality
from ischaemic heart disease. Marcus et al5
explained this by cigarette smoking, which leads to
both impaired lung function and a higher incidence
of ischaemic heart disease, but other investigators
were of the opinion that the relation to subsequent
coronary events is not well explained and that the
risk was independent of the cause of the impair-
ment of lung function.'-3 One cause of impaired
lung function may be exposure to asbestos69 and if
some of the impairment found in our study was
caused by this, the exposure may have contributed
to cases of death from ischaemic heart disease.

There are other major cardiovascular risk factors.
Kannel et aP" showed that vital capacity is a predic-
tor of ischaemic heart disease events in a multivari-
ate analysis taking into account all major
cardiovacular risk factors including age, obesity,
blood pressure, cigarette smoking, heart rate,-and
cholesterol and glucose concentrations. Friedman
et al I found similar results in a multiple regression
analysis taking into account systolic blood pressure,
cholesterol concentrations, and cigarette smoking.

Thus impaired lung function seemed to rank high
as a predictor among the major risk factors for mor-
tality from ischaemic heart disease.3 In our present
study, we have chosen to investigate the effects of
determinants that may be associated with lung
function and also to investigate whether the occur-
rence of diseases induced by asbestos, such as
asbestosis and pleural plaques was associated with
an excess risk of ischaemic heart disease.

VALIDrrY
The exposure to asbestos stopped in 1972 for these
men. A high prevalence of pleural plaque and
asbestosis or suspected asbestosis in the group as
well as a high incidence of mesothelioma21 con-
firmed that they had had considerable earlier expo-
sure to asbestos.
A comparison of risks of mortality in workers

with that in the general population usually shows a
lower risk in workers (healthy worker effect). To
avoid such a bias, we compared mortality from
ischaemic heart disease in workers with and with-
out the student determinants in the same cohort.

If there were less than perfect measurements at
the health check up, there could have been misclas-
sifications of determinants, causing random errors
and an underestimated risk. To minimise these
errors, the spirometry was done with calibrated
apparatus and by trained nurses and the chest x ray
films were read by a small group of trained
physicians.
The loss to follow up was small (n = 3) and can-

not have influenced the results.
Sex, age, and smoking habits are possible con-

founders when investigating the risk of mortality
from ischaemic heart disease and these were con-
sidered through restriction and stratification. The
other major cardiovascular risk factors cannot be
excluded as confounders but it seems unlikely that
strong correlations would exist between lung func-
tion and hypertension, cholesterol concentrations,
or occurrence of diabetes mellitus in these men.

IMPAIRED LUNG FUNCTION
Our study indicated that the impairment of lung
function in shipyard workers was high enough to
predict a risk of mortality from ischaemic heart dis-
ease although it was moderate enough to allow
work in the physically demanding shipyard indus-
try. Ten per cent of men with impaired lung func-
tion died of ischaemic heart disease during the
follow up, compared with 3% of men with normal
lung function. This indicated that impaired lung
function was a strong predictor of mortality from
ischaemic heart disease in this study. The finding
may be compared with that for smoking. About 6%
of smokers and 1 8% of non-smokers died of
ischaemic heart disease.
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Friedman et all found an increased RR of
myocardial infarction as the ratio actual: expected
VC diminished. They divided the ratios in quar-
tiles. With a risk of 10 assigned to the highest
quartile an RR of 2-3 was found in the lowest quar-
tile. The RR of mortality from ischaemic heart dis-
ease was 3-5 in our study comparing workers with
and without impaired lung function. Beaty et aP
found an RR for all causes of death of 1 81 when
impaired and non-impaired subjects were com-
pared. A similar analysis in the present study
showed an RR of 2-0 for all causes and 1-5 for all
causes excluding death from ischaemic heart dis-
ease. Thus in these comparisons the risk seemed to
be high in impaired persons among shipyard work-
ers. One cause may be that shipyard workers had
more impaired lung function than subjects in the
other studies although most shipyard workers had a
moderate impairment of between 60% and 79% of
the predicted value for FEV1 or FVC. Few men
had values below 60%.

ASBESTOSIS OR SUSPECTED ASBESTOSIS
There were few men (n = 52) in the study with
asbestosis or suspected asbestosis and the cases of
mortality from ischaemic heart disease in these men
were concentrated among ex-smokers and current
smokers in the older group. In older ex-smokers
and smokers, the RR of mortality from ischaemic
heart disease was 4-3 (95% CI 2 0-9 3) in men
with asbestosis or suspected asbestosis compared
with men without asbestosis but the RR was 3-9
(95% CI 1-8-8-6) in men with impaired lung func-
tion compared with men with normal lung func-
tion. In older ex-smokers and current smokers with
impaired lung function, the mortality from
ischaemic heart disease was 42-3 (95% CI
13-7-98-7) per 1000 person-years in men with
asbestosis or suspected asbestosis but 11-0 (95% CI
5-9-18-8) in men without asbestosis or suspected
asbestosis. Thus the mortality from ischaemic heart
disease was 3-8 times higher in men with asbestosis.

In older smokers the mortality from ischaemic
heart disease was 39-8 (95% CI 14-6-86-6) per
1000 person-years in men with asbestosis or sus-
pected asbestosis but 7-2 (95% CI 4-0-11-8) in
men without the disease. Thus for these groups the
mortality from ischaemic heart disease was 5-5
times higher in men with asbestosis or suspected
asbestosis.

These findings indicate that the occurrence of
asbestosis increases the risk of mortality from
ischaemic heart disease. Asbestosis is associated
with fibrotic reactions in the lungs, with increased
stiffness of the tissue, but small airways disease is
also found in persons exposed to asbestos.22
Perhaps these pathological changes contribute to an
excess risk of ischaemic heart disease through

episodes of hypoxaemia.
There is also evidence that asbestos fibres can

reach the pericardium. A few cases of malignant
mesothelioma in the pericardium have been
found.23 24 Other evidence is that there are reported
cases of pericardial effusion and constrictive peri-
carditis induced by asbestosis.25 26 In some of these
cases non-specific fibrous thickening of the peri-
cardium was shown.25 It is therefore possible that
the excess risk of ischaemic heart disease in persons
exposed to asbestos is not only an effect of
impaired lung function but also of lesions of the
pericardium with functional consequences for the
heart.

Although several studies of workers exposed to
asbestos have not found an increased risk of cardio-
vascular mortality'0'5 there are some studies where
an increased risk was found.6 27 28 These studies
were not focused on this problem but it should be
noted that in those with an increased risk of cardio-
vascular mortality there was a high mortality due to
asbestosis.

PLEURAL PLAQUES
We found no increase of mortality from ischaemic
heart disease in men with pleural plaques. Although
impairment of lung function has been found in men
with pleural plaques,8 the impairment was moder-
ate and men with pleural plaques had in general
5% lower FVC than controls.9 This impairment is
probably too small to contribute to an excess risk of
ischaemic heart disease.

SYMPTOMS
A study by Friedman et al ' indicated that dyspnoea
was related to impaired vital capacity as well as
cough and sputum production. Jarvholm and
Larsson29 found a correlation between reported
dyspnoea and lung function. Dyspnoea may reflect
either heart or lung disease. Cough, sputum pro-
duction, and wheezing or whistling may be more
closely associated with obstructive lung disease.'

In the present study, there was no increased risk
of ischaemic heart disease in men with production
of phlegm or sputum and wheezing or whistling
compared with men without these symptoms.
These symptoms therefore seemed to be of low
value as predictors of risk of mortality from
ischaemic heart disease. In men with normal lung
function, dyspnoea was a strong predictor of death
from ischaemic heart disease. Cardiac impairment
was a more probable cause of the dyspnoea in these
men and questions about dyspnoea thus seemed to
be important in this respect. It is difficult to explain
why dyspnoea was not a predictor in men with
impaired lung function, but the confidence
intervals are wide.
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Conclusions
This study confirmed other findings that impaired
lung function predicts a risk of mortality from
ischaemic heart disease. There are several possible
causes of the impairment and among these are

harmful exposure in the environment or workplace
such as exposure to asbestos. The finding that
asbestosis further increased the risk of mortality
from ischaemic heart disease indicated a further
risk effect besides impaired lung function in per-
sons exposed to asbestos. Perhaps this additional
risk factor results from lesions of the pericardium
with functional consequences for the heart. To fur-
ther investigate this it is desirable that the question
is considered both in studies of mortality in cohorts
exposed to asbestos and by pathologists at necropsy
of cases exposed to asbestos.
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